The American Cancer Society estimates that there will be more than 1.5 million new cases of cancer in 2011, underscoring the need for identification of new therapeutic targets and development of novel cancer therapies. Previous studies have implicated the human aldoketoreductases AKR1B1 and AKR1B10 in cancer, and therefore we examined AKR1B1 and AKR1B10 expression across all major human cancer types using the Oncomine cancer gene expression database (Compendia Biosciences, www.oncomine.com). Using this database, we found that expression of AKR1B1 and AKR1B10 varies greatly by cancer type and tissue of origin, including agreement with previous reports that AKR1B10 is significantly over-expressed in cancers of the lungs and liver. AKR1B1 is more broadly over-expressed in human cancers than AKR1B10, albeit at a generally lower magnitude. AKR1B1 over-expression was found to be associated with shortened patient survival in acute myelogenous leukemias and multiple myelomas. High AKR1B10 expression tends to predict less aggressive clinical course generally, notably within lung cancers, where it tends to be highly over-expressed compared to normal tissue. These findings suggest that AKR1B1 inhibitors in particular hold great potential as novel cancer therapeutics.
INTRODUCTION
Cancer is the second leading cause of death in the U.S. behind heart disease, and the American Cancer Society estimates that there will be more than 1.5 million new cases of cancer in 2011. While improvements in detection, treatment, and prevention have led to decreases in cancer deaths and incidence for many cancer types in the U.S., the incidence rate for some cancers such as hepatocellular carcinoma is still rising. However, as the U.S. population ages, cancer incidence may reach a plateau or even rebound. Therefore, identification of new therapeutic targets and development of novel cancer therapies is still a pressing need. Previous studies have shown that the human aldo-ketoreductase AKR1B10 is over-expressed in cancers of the liver and lungs (Fukumoto et al., 2005; Woenckhaus et al., 2006; Heringlake et al., 2010; Kang et al., 2011; Schmitz et al., 2011) while AKR1B10 and the related enzyme AKR1B1 are both linked to drug resistance in cancer-derived cell lines (Dan et al., 2003; Plebuch et al., 2007; Matsunaga et al., 2011; Zhong et al., 2011) . Several published studies have also pointed to role for AKR1B1 in colon carcinogenesis (Tammali et al., 2009 (Tammali et al., , 2011a Ramana et al., 2010) . As well-characterized inhibitors for these enzymes are already in use or development, they would seem to be attractive targets for cancer therapeutic development. However, these studies have been conducted largely in model systems, and thus there is very little known about the involvement of AKR1B10 in cancer outside of the lungs and liver, and while AKR1B1 expression has been reported to be elevated in human cancers, this study was limited by a small number of available patient samples (Saraswat et al., 2006) . Since AKR1B1 has been shown to be involved in many cellular processes relevant to cancer such as EMT (Zablocki et al., 2011) , inflammation (Yadav et al., 2007 (Yadav et al., , 2009 (Yadav et al., , 2011 , and angiogenesis (Tammali et al., 2011b,c) , and AKR1B10 is known to have relevance to human cancers, we examined AKR1B1 and AKR1B10 expression across all major human cancer types using the Oncomine cancer gene expression database (Compendia Biosciences, www.oncomine.com) .
Using this database, we found that expression of AKR1B1 and AKR1B10 varies greatly by cancer type and tissue of origin, including agreement with previous reports that AKR1B10 is significantly over-expressed in cancers of the lungs and liver (Fukumoto et al., 2005; Woenckhaus et al., 2006; Heringlake et al., 2010; Kang et al., 2011; Schmitz et al., 2011) . While under-expression of AKRs in human cancers is less common than over-expression, AKR1B1 appears to be generally under-expressed in prostate cancers compared to normal tissue while AKR1B10 expression is reduced in colon tumors. AKR1B1 over-expression was associated with shortened patient survival in acute myelogenous leukemias and multiple myelomas. High AKR1B10 expression tends to predict less aggressive clinical course generally, notably within lung cancers, where it tends to be highly over-expressed compared to normal tissue. Neither AKR1B1 nor AKR1B10 appears to have notable associations with disease recurrence, and their associations with the presence of metastases are inconsistent.
These findings suggest that AKR1B1 in particular may be a promising drug target, due to its broad over-expression in solid tumors and leukemias. Previous drug development attempts centered on AKR1B1 inhibition in non-cancer disease states were halted due to unacceptable toxicity; however, the reported toxicities were milder than other chemotherapeutics currently in use. Newer AKR1B1 inhibitors such as those derived from natural products (Suryanarayana et al., 2004 (Suryanarayana et al., , 2007 www.frontiersin.org 2008) may have lower toxicity than earlier compounds, and therefore hold great potential as novel therapeutics for cancers where AKR1B1 tends to be over-expressed.
MATERIALS AND METHODS

RESULTS
To determine whether the aldo-ketoreductases AKR1B1 and AKR1B10 were differentially expressed between cancerous and normal tissues, we broadly examined microarray data from patient samples contained within the Oncomine database. Results from cancer types where a statistically significant difference in AKR expression between the cancerous and corresponding normal tissue exists are summarized in Table 1 . The cancers where gene expression for AKRs was compared to the corresponding normal tissue, but no overall significant difference was found were certain brain tumors (oligodendrogliomas, mixed gliomas), ductal and lobular breast cancers, acute myeloid leukemias, myelomas, and ovarian cancers (not shown). Data for cancers where only one study was available for analysis is also not shown. AKR1B1 expression is significantly elevated compared to the corresponding normal tissue in bladder, brain (astrocytomas and glioblastomas), cervical, esophageal, head and neck, kidney, leukemias (T-cell acute, B-cell acute, and chronic), lymphomas, and melanomas (Table 1; Figure 1A ). The fold change in gene expression versus the normal tissue is summarized by study in Table 1 , with AKR1B1 expression ranging from ∼1.2-to 5-fold the normal tissue in the majority of cancers where it is significantly over-expressed. The most significant differences between AKR1B1 expression in cancerous and normal tissue are seen in leukemias (Table 1; Figure 1A ). AKR1B1 expression is significantly lower than the corresponding normal tissue in prostate cancers ( Table 1) . As previously reported, AKR1B10 is over-expressed in liver and lung tumors ( Table 1 ; Fukumoto et al., 2005; Woenckhaus et al., 2006; Heringlake et al., 2010; Kang et al., 2011; Schmitz et al., 2011) , with fold change relative to normal tissue ranging from 12-to 67-fold in liver cancers; 2-to 75-fold in squamous cell lung cancers; and 1.5-to 5.5-fold in lung adenocarcinomas ( Table 1) . AKR1B10 is also significantly over-expressed in leukemias (T-cell acute, B-cell acute, and chronic) and pancreatic cancers (Table 1; Figure 1A ). AKR1B10 over-expression thus appears to be less common than AKR1B1 over-expression in cancer, and AKR1B10 is under-expressed in colon, gastric, and head and neck cancers ( Table 1) . It should be noted that these associations are those that hold true across the studies contained within Oncomine, and multiple studies may have individually held a significant association of AKR expression with either the cancerous or normal state, but not in the broader comparison. Our methods also necessarily exclude studies not contained within the Oncomine database.
As shown in Figure 1 , even for leukemia types in which AKRs are over-expressed compared to normal tissue at a high level of statistical significance, there is considerable heterogeneity amongst patients in terms of AKR1B1 and AKR1B10 expression ( Figure 1A ). This led us to ask whether AKR expression could identify certain types of patients within these leukemias, and we found that high levels of AKR1B1 expression within B-cell leukemia patients was strongly associated with the presence of the TCF3-PBX1 gene fusion ( Figure 1B) , while under-expression of AKR1B1 in chronic myelogenous leukemias was associated with the presence of the PML-RARA gene fusion ( Figure 1C) . Across all translocations and gene fusions in all leukemia types, AKR1B1 over-expression is associated with the TCF3-PBX1 gene fusion and 11q23 MLL rearrangements, while under-expression is associated with the PML-RARA and ETV6-RUNX1 gene fusions (Figure 2 ). Other gene fusions, translocations, and point mutations examined in leukemias did not have a statistically significant, consistent pattern ( Figure 2 and data not shown).
We next asked whether expression of AKRs might be able to predict clinical outcome, specifically in terms of patient survival, disease recurrence, tumor grade, and metastasis. We found no significant associations with expression of AKR1B1 and the presence of metastasis, tumor grade, or with disease recurrence in any cancer type, though some individual studies sometimes contained a significant relationship that did not hold up when all available data for that cancer type was considered (data not shown). AKR1B1 overexpression was associated with decreased patient survival at 1 year post-prognosis in acute myeloid leukemias ( Figure 3A) , as well as decreased patient survival at 1 year post-prognosis in multiple myeloma ( Figure 3B ). AKR1B1 over-expression was also associated with decreased survival in pancreatic cancer, however, only one small study (27 patients) within Oncomine contained patient survival data (data not shown). While no significant associations of patient survival with AKR1B10 expression were observed, it is noteworthy that in the solid tumors where AKR1B10 is most highly over-expressed, namely liver cancer and squamous cell lung carcinoma, there is a strong trend for AKR1B10 over-expression predicting longer patient survival ( Figure 3C ). 
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DISCUSSION
In this report we show that AKR1B1 and AKR1B10 are over-expressed, and less frequently under-expressed, in a cancer-type-specific manner. AKR1B10 is most prominently upregulated in cancers of the liver and lungs, consistent with previous reports (Fukumoto et al., 2005; Woenckhaus et al., 2006; Heringlake et al., 2010; Kang et al., 2011; Schmitz et al., 2011) . AKR1B1 over-expression is more common amongst different tumor types than AKR1B10 over-expression, but at a generally lower magnitude ( Table 1) . Under-expression is less common for either AKR, with AKR1B1 under-expressed in prostate tumors and AKR1B10 under-expressed in colon and head and neck cancers ( Table 1) . Increased AKR1B1 expression is also associated with the TCF3-PBX1 gene fusion and 11q23 MLL rearrangement in acute leukemias, while decreased expression is associated with the PML-RARA and ETV6-RUNX1 gene fusions (Figure 2) . Only AKR1B1 expression has a significant association with clinical outcome, being associated with reduced survival in acute myeloid leukemias and multiple myeloma (Figure 3 2007; Yadav et al., 2007 Yadav et al., , 2009 Yadav et al., , 2011 Matsunaga et al., 2011; Zhong et al., 2011) . AKR1B1 over-expression has also been associated with an EMT-like phenotype, is implicated in colon carcinogenesis, and notably, increased AKR1B1 protein expression and enzymatic activity has been reported in several cancer types (Saraswat et al., 2006; Tammali et al., 2009 Tammali et al., , 2011a Ramana et al., 2010; Zablocki et al., 2011) , further suggesting that AKRs play a functional role in tumor growth. Given the broad over-expression of AKRs, particularly AKR1B1, in human cancers and the critical processes that they appear to regulate, AKRs have potential to be useful therapeutic targets. AKR inhibitors have been in development for complications related to diabetes for many years, as AKR1B1 and the polyol pathway have been implicated in the pathogenesis of diabetic retinopathy, nephropathy, and cataract (Makiishi et al., 2003; Suryanarayana et al., 2004 Suryanarayana et al., , 2007 Wolford et al., 2006; Reddy et al., 2008 Reddy et al., , 2011 Zablocki et al., 2011) . While many of these AKR inhibitor drug development efforts have been halted due to toxicity, they exhibit much lower toxicity than many current cancer therapies. AKR1B1 expression is increased by high blood glucose via NF-κB (Yang et al., 2008) , providing a potential mechanism by which diabetes and elevated risk of developing certain cancers may be linked. AKR1B1 and the polyol pathway also contribute to hyperglycemic pseudohypoxia, which one could imagine linking the Warburg effect to tumor angiogenesis through HIF1a and perhaps bolstering neovascularization at oxygen tensions that would not normally promote it. Consistent with this, VEGF has been linked to diabetic retinopathy and nephropathy (Aiello et al., 1994; Cha et al., 2000; Ozaki et al., 2000) , perhaps downstream of AKR1B1-driven pseudohypoxic effects. Intriguingly, patients with Von Hippel-Lindau disease often develop retinal angiomas and kidney tumors, suggesting that VHL-associated malignancies and diabetic complications may differ primarily by the degree of HIF1a and/or VEGF-dysregulation present. It is possible that diabetics are effectively primed to promote tumorigenesis by virtue of an already abnormally high level of hypoxia/HIF1a signaling. In light of all the signs pointing to the involvement of AKRs in human cancers, we hypothesize that AKRs are functionally linked to cancer progression, if not initiation as well. We also propose that AKR inhibitors would have value as cancer therapeutics in cancers that typically feature AKR over-expression, especially in the case of AKR1B1.
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